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Abstract
It is very well known at present that different industries agro-food sector generally produce considerable quantities of 
wastewater should be treated imperative for preserving the environment, and thus avoid a real danger to the 
ecosystem. These waters are usually loaded with in pollutants of organic nature. There are important quantities of 
biological materials, few or badly recovered, which are capable of adsorbing metals dissolved in effluents. These 
residues consist primarily of industrial fermentation sludge pleuromitiline cultivated to produce enzymes, 
antibiotics.... This study was motivated by the fact that no quantitative study concerning the physico-chemical 
behaviour of Pleurotus mutilus, hence the idea to use the capacity of retention by adsorption of contaminants. The 
purpose of this paper is to study the adsorption of copper on biomass pleurotus mutilus treated. We studied the 
possibility of regeneration of biosorbent. For that several parameters were optimized: the nature of the desorbent, the 
pHi, and the content of biomass desorbs.... This study was completed by determining the new capacity of biosorption 
after regeneration of biomass.
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1. Introduction
Of then always the water is inseparable of human activity. The industrial revolution of by valuing the 
steam, to permit the development of production capacity: water has become a material essential to the 
functioning of factories. At the same time as this situation, the processes contributing to the degradation 
of water quality and consequently disruption of the entire ecosystem are increasing and intensifying. The 
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discharge of wastewater loaded in polluting substances in the receiving environment without any 
preliminary treatment is a motive for concern growing considering the adverse effects which they can 
engender on the environment and on the health. The liquid wastes of the processing industry of the 
products of the sea are a major vector of pollution and degradation of water quality. These releases so 
must be treated before discharge into the receiving environment. Now no process can have raised that 
after a complete identification of the subject residual water of purge [1].The use of metals in the industrial 
domain field leads to an increase of the release of toxic residues in the environment, it resulting in a 
significant threat to living organisms due to the accumulation of heavy metals in the food chain [2, 3]. 
Recovery of heavy metals dissolved in water turns out little successful even expensive with the physico-
chemical techniques classic: precipitation, neutralization, ion exchange [4]. The increase in mineral 
extraction and the accumulation of residues in the environment need, the latter, the implementation of 
other less costly and effective methods. There are important quantities of biological materials, few or 
badly valued, which are capable of adsorbing dissolved metals in the effluents. These residues consist 
primarily of industrial fermentation sludge pleuromitiline cultivated to produce enzymes, antibiotics. The 
adsorptive separation technology is now a separation technology important; it is widely used for 
separation and purification of gases and liquids in domains highly varied, going petroleum, and 
petrochemical industries, to the environmental and pharmaceutical applications. In this manuscript, we 
will examine in a first step the kinetics of adsorption of a system copper / Pleurotus mutilus to determine 
the equilibrium constant of adsorption, in a second step two comparative models (Langmuir and 
Freundlich model) have tested for the adsorption isotherms obtained. We later studied the possibility of 
regeneration of this material. For that several parameters were optimized: nature of the desorbent, pHi, 
etc. This study was completed by determining of the new capacity of biosorption after regeneration of the 
material.
2. Experimental part
2.1. Modeling
2.1.1. Langmuir model
In this model we consider that the solid surface is homogeneous and that the adsorbed molecules do not 
present interaction between her and they can form at most a single layer of molecules on the surface of 
the solid (adsorbed phase forms a monolayer molecular). If we consider by T the fraction of the surface 
covered by the adsorbed molecules and (1- T) the uncovered fraction. The net quantity accumulated 
during the adsorption- desorption written
  TT kCkdt
dq
dea  1 (1)
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q: Quantity of solute adsorbed per unit of mass of adsorbent ( mg / g ); qm : Maximum adsorption capacity 
( mg / g ); Ce : The concentration of solute in the liquid phase at equilibrium ( mg / l ); /K : The 
equilibrium constant of Langmuir [5].
The linearization of the Langmuir equation is written as:
meLm qCKqq
111  (4)
2.1.2. Freundlich equation 
The Freundlich equation is strictly empirical and without theoretical base or the adsorbed quantity is a 
power law of the pressure for gases and the concentration for liquids [6, 7].
n
1
eF Ck q (5)
The linearization of equation (5) is written as
eF Cnk
q log1log)log(  (6)
2.2. Materials and experimental methods
The proceeds expressed consist in particular in the characterization of the biomass which will be used 
later as biosorbent to remove the pollutant.
2.2.1. Preparation and characterization of the material
Preparation of biomass: Pleurotus mutilus, biomass is a result of industrial fermentation residues of a 
veterinary antibiotic, obtained from the Complex antibiotic of Medea (SAIDAL) used as biosorbents. The 
biomass samples are prepared according to following flow chart figure 1.
Fig. 1. Flow chart of preparation of biomass [8]                        
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2.2.2. Method
1mg of the biomass is crushed with 300mg dry KBr in a small mortar. This mixture is compressed under 
a pressure of 5 to 6 t/cm; the pellet obtained is in the sample compartment fixed to a support placed on the 
path of the infrared beam. 
3. Results and discussion
x Estimation of specific surface
The specific surface of our biosorbent was estimated by the technique of adsorption of methylene blue for 
concentrations lower than 7 micro molars. The maximum adsorption capacity is obtained from the 
Langmuir equation. The calculation of specific surface by the method of methylene blue revealed that the 
biomass have a specific surface of 21.93 m2/g (Fig. 2, 3), or specific surface for untreated biomass was 
estimated from 42 m2/g. However, our specific surface is always greater than that found biomass treated 
by the same study [9].
                                   
Fig. 2.  Adsorption isotherm of methylene blue on pleurotus mutilis.
Fig. 3. Transformed linear Langmuir biosorption blue methylene on pleurotus mutilus
x Biosorption of copper
To determine the type of isotherm corresponds to adsorption of copper on biomass of pleurotus mutilus 
we presented the variation in the quantity of metal adsorbed per gram of biosorprtion (Q) versus the 
equilibrium concentration (Ce) for different initial concentration Figure 4. The isotherm is of type (I) 
expressing a monolayer adsorption sites until saturation. The Langmuir model is more representative to 
describe the biosorption of Cu (II) on pleurotus mutilus because its correlation coefficient R² is 0.8914 
Figure 5 while that of Freundlich model is 0.6211 Figure 6.
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Fig. 4. Adsorption isotherm of copper on pleurotus mutilus                   Fig. 5. Transformed linear Langmuir 
Fig. 6. Transformed linear Freundlich biosorption of copper on pleurotus mutilus.
x Desorption of copper
We will optimize the parameters of the desorption (nature of the desorbent, the pHi, the biomass content 
loaded).
Nature of desorbent
The obtained results are represented on figures 7 and 8. The desorption of copper appears to be 
instantaneous. The concentration of copper reached a plateau from the first 10 minutes for both 
desorbents then stabilizes from 30 minutes. We also indicate that sulphuric acid (H2SO4) reaches a higher 
concentration of desorption (41,2mg/l) compared to nitric acid (HNO3) (37g/l) Figure 7. Sulphuric acid 
gives a maximum regeneration rate of 11.86 % but the nitric acid gives a regeneration rate of 10.65 %. 
For this, we can say that sulphuric acid is the optimum desorbent.
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Fig. 7. Influence of the nature of the desorbent.                                            Fig. 8. Evolution of the regeneration rate.
Initial pH of the desorbing
The desorbent used in that case is sulphuric acid at different initial pH (pHi1, pHi1.5, pHi2 and pHi3). 
According to figures 9 and 10, we observe that the pHi1 gives a better desorption with a regeneration rate 
of 11.74 % average (CCu (II)) = 40.75 mg/l). PHi1.5 gives the regeneration rate of 9.66 % (Ccu (II))
=33.50mg/l). PHi2 gives the regeneration rate which is 7.70 % Figure 11. Contrary in pHi1, pHi1.5 and 
pHi2, the pH3 gives a rather low regeneration rate (6.19%) Figure (9, 10). Comparing the appearance of 
biomass to a pHi 1, pHi 1.5 and pHi 2 we noticed that the structure of the latter deteriorates with 
decreasing pH. To minimize losses, we excluded pHi 1. A pHi 1.5 is chosen as optimum, it constitutes 
one compromised between the quality of desorption (obtained with pHi 1) and quality of biomass 
(obtained with pH 2). 
                             
Fig. 9. Optimization of the pH of the desorbent.                                  Fig. 10. Optimization of the pH of the desorbent
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Fig. 11. Evaluation of pH during desorption at different initial pH.
4. Study of the adsorption isotherm after a cycle of adsorption – desorption
To be able to judge the utility of desorption following conditions (H2SO4 pH1.5, [Biomass] =100g / l), we 
realized one adsorption isotherm after a cycle of adsorption-desorption. The obtained results are 
represented on figures 12, 13 and 14. The isotherm is always of type (I) expressing a monolayer 
adsorption sites until saturation Figure12. The Langmuir model always remains more representative to 
describe the biosorption of Cu (II) on pleurotus mutilus regenerated, because its correlation coefficient R² 
is 0.8478 Figure 13 while that of Freundlich model is 0.8041 Figure 14. The regenerated biomass has a 
maximum adsorption capacity smaller than that recorded by native biomass. A cycle of adsorption-
desorption of biomass lost in the 59% of its adsorption capacity. These results confirm once again the 
futility of the treatment of the biomass [9].
                            
Fig. 12. Isotherm of adsorption of copper on pleurotus mutilus after regeneration
Fig.13. Linear transform of the Langmuir biosorption of copper on P mutilus
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Fig. 14. Linear transform of the Freundlich biosorption of copper on P mutilus
5. Conclusion
The objective of our study is to value a dead biomass pleurotus mutilus, by-product of the manufacturing 
of antibiotics rejected by pharmaceutical industry of Medea and to estimate its performances of copper 
elimination in water by biosorption. The estimation of the specific surface revealed a very porous 
biomaterial, although its maximum adsorption capacity under optimal conditions is not negligible.
Desorption is possible under the following conditions: Sulphuric acid is the desorbent optimum; Optimum 
pHi is 1.5; Optimization of biomass content desorbing took into account economic and environmental 
imperative. Regeneration rates remain unsatisfactory (59 %) However, they can be improved by coupling 
the chemical desorption method with a copper recovery; the regenerated biomass for a content 10g/l has a 
maximum adsorption capacity smaller but still significant 59.75mg/g. The method of adsorption-
desorption and very promising for the treatment of water laden with heavy metals. It allows them 
concentrate and recovers in a smaller volume. What makes the process more economic.
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